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BACKLIGHT APPARATUS AND LIQUID
CRYSTAL DISPLAY APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

The disclosures of Japanese Patent Application No. 2008-
194048 filed on Jul. 28, 2008, No. 2008-214429 filed on Aug.

22, 2008, and No. 2008-214430 filed on Aug. 22, 2008,

including the specifications, drawings and abstracts are incor-
porated herein by reference 1n their entirety.

BACKGROUND

1. Technical Field

The technical field relates to a backlight apparatus and
liquid crystal display apparatus, and more particularly to an
LED (light emitting diode) backlight apparatus in which a
plurality of LEDs are placed and a liquid crystal display
apparatus having this.

2. Description of the Related Art

There 1s one kind of liquid crystal display apparatus that
illuminates a liquid crystal panel using an LED backlight

apparatus (hereimnafter referred to simply as “LED back-
light™).

Unexamined Japanese Patent Publication No. 2007-
165632 describes an example of a conventional liquid crystal
display apparatus that has an LED backlight. In this liqud
crystal display apparatus, control 1s performed to increase the
brightness of some of the LEDs provided 1n the backlight—
for example LEDs placed 1n an area in which the ambient
temperature 1s high, such as those close to a circuit with a
large calorific value—by increasing the amount of drive cur-
rent or the period for which that current 1s applied. Backlight
brightness 1s made uniform by means of this control.

However, a property of an LED is that the higher 1ts ambi-
ent temperature, the faster 1s the aging degradation of 1its
brightness and the shorter 1s 1ts life. Also, increasing the
brightness of an LED by increasing 1ts drive current amount
or the like 1s a cause of aging degradation of LED brightness
and shortened LED life.

Therefore, when control 1s performed to increase the drive
current amount for LEDs placed 1n an area in which the
ambient temperature 1s high, as 1in the case of an above-
described conventional liquid crystal display apparatus, the
aging degradation of those LEDs 1s more rapid than that of
other LEDs. Consequently, as the cumulative 1llumination
time of those LEDs increases, the brightness of those LEDs
becomes lower than that of other LEDs. Therefore, unifor-
mity of backlight brightness cannot be maintained over a long,
period. In other words, even 1f uniformity of brightness 1s
maintained in the 1nitial state, that balance 1s lost after a long
period of use.

Also, even i1f the amount of drive current or the like 1s
increased for LEDs whose brightness decreases to prevent a
decrease 1n the brightness of those LEDs, there 1s a limit to the
increase 1n the drive current amount, and a situation will
eventually arise in which umiformity of brightness cannot be
maintained.

SUMMARY

An object 1s to provide a backlight apparatus and a liquid
crystal display apparatus that enable a balance of brightness
to be maintained over the entire area of a display screen, and
long life to be achieved. A further object 1s to provide a
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2

backlight apparatus and liquid crystal display apparatus that
enable nonuniformity of brightness to be reduced 1n an out-
putting surface.

A backlight apparatus achieves the above objects by com-
prising a substrate having an opposed section opposite the
rear surface of a liqud crystal panel, a plurality of light
emitting diodes placed on the opposed section, and a current
supplying section that supplies to the plurality of light emiat-
ting diodes a current that causes the plurality of light emitting
diodes to emit light that 1lluminates the liquid crystal panel;
and by having the current supplying section supply a lower
current to a light emitting diode placed 1n an area having a
higher ambient temperature within the area of the opposed
section.

A backlight apparatus that1s used 1n a liquid crystal display
apparatus having a liquid crystal panel and a liquid crystal
driver driving the liquid crystal panel, achieves the above
objects by comprising a plurality of light emitting diodes
placed facing the liquid crystal panel, and a current supplying
section that supplies to the plurality of light emitting diodes a
current that causes the plurality of light emitting diodes to
emit light that 1lluminates the liquid crystal panel; and by
having the current supplying section supply a lower current to
a light emitting diode placed nearer the liquid crystal driver.

A backlight apparatus that 1s used 1n a liquid crystal display
apparatus having a liquid crystal panel as a display screen,
achieves the above objects by comprising a plurality of light
emitting diodes placed facing the liquid crystal panel, and a
current supplying section that supplies to the plurality of light
emitting diodes a current that causes the plurality of light
emitting diodes to emait light that illuminates the liquid crystal
panel; and by having the current supplying section supply a
lower current to a light emitting diode placed higher up in the
vertical direction of the display screen.

A backlight apparatus that1s used 1n a liquid crystal display
apparatus having a liqud crystal panel and a liquid crystal
driver driving the liquid crystal panel and a power supply
section supplying power to the liquid crystal driver, achieves
the above objects by comprising a plurality of light emitting
diodes placed facing the liquid crystal panel, and a current
supplying section that supplies to the plurality of light emit-
ting diodes a current that causes the plurality of light emitting
diodes to emait light that 1lluminates the liquid crystal panel;
and by having the current supplying section supply a lower
current to a light emitting diode placed nearer the power
supply section.

A backlight apparatus that1s used 1n a liquid crystal display
apparatus having a liquid crystal panel as a display screen,
achieves the above objects by comprising a plurality of light
emitting diodes placed facing the liquid crystal panel, and a
current supplying section that supplies to the plurality of light
emitting diodes a current that causes the plurality of light
emitting diodes to emat light that illuminates the liquid crystal
panel; and by having the plurality of light emitting diodes
form a plurality of arrays, wherein the plurality of arrays are
formed respectively by two or more light emitting diodes
arrayed 1n the vertical direction of the display screen, and are
spaced at equal intervals 1n the horizontal direction of the
display screen, and light emitting diodes placed higher up 1n
the vertical direction of the display screen are placed with
higher density adjacent to another light emitting diode form-
ing the same array; and by having the current supplying
section supply a lower current to a light emitting diode placed
higher up in the vertical direction of the display screen.

A backlight apparatus that1s used 1n a liquid crystal display
apparatus having a liquid crystal panel as a display screen,
achieves the above objects by comprising a plurality of light
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emitting diodes placed facing the liquid crystal panel, and a
current supplying section that supplies to the plurality of light
emitting diodes a current that causes the plurality of light
emitting diodes to emit light that illuminates the liquid crystal
panel; and by having the plurality of light emitting diodes
form a plurality of arrays, wherein the plurality of arrays are
formed respectively by two or more light emitting diodes
arrayed 1n the horizontal direction of the display screen, and
are spaced at equal intervals 1n the vertical direction of the
display screen, and light emitting diodes placed higher up 1n
the vertical direction of the display screen are placed with
higher density adjacent to another light emitting diode com-
posing the same array; and by having the current supplying
section supply a lower current to a light emitting diode placed
higher up 1n the vertical direction of the display screen.

A backlight apparatus that 1s used 1n a liquid crystal display
apparatus having a liquid crystal panel as a display screen,
achieves the above objects by comprising a substrate having
an opposed section placed opposite the rear surface side of the
liquid crystal panel, a plurality of light emitting diodes placed
with nonuniform placement density on the opposed section, a
diffuser plate upon which light emitted from the plurality of
light emitting diodes 1s input and that has a diffusing action on
the mput light and outputs diffused light toward the liquid
crystal panel side, and a current supplying section that sup-
plies to the plurality of light emitting diodes a current that
causes the plurality of light emitting diodes to emit light that
illuminates the liquid crystal panel; and by having the current
supplying section supply a lower current to a light emitting
diode placed in an area having a higher ambient temperature
within the area of the opposed section, wherein light emitting
diodes to which a lower current 1s supplied are placed with
higher density adjacent to another light emitting diode, and
the distance between the opposed section and the diffuser
plate 1s greater the lower the placement density of a position.

A backlight apparatus that 1s used 1n a liquid crystal display
apparatus having a liquid crystal panel as a display screen,
achieves the above objects by comprising a substrate having
an opposed section placed opposite the rear surface side of the
liquid crystal panel, a plurality of light emitting diodes placed
with nonuniform placement density on the opposed section, a
diffuser plate upon which light emitted from the plurality of
light emitting diodes 1s input and that has a diffusing action on
the mput light and outputs diffused light toward the hiquid
crystal panel side, and a current supplying section that sup-
plies to the plurality of light emitting diodes a current that
causes the plurality of light emitting diodes to emait light that
illuminates the liquid crystal panel; and by having the current
supplying section supply a lower current to a light emitting
diode placed higher up 1n the vertical direction of the display
screen, wherein light emitting diodes to which a lower current
1s supplied are placed with higher density adjacent to another
light emitting diode, and the distance between the opposed
section and the diffuser plate 1s greater the lower the place-
ment density of a position.

A backlight apparatus that 1s used 1n a liquid crystal display
apparatus having a liquid crystal panel as a display screen,
achieves the above objects by comprising a substrate having
an opposed section placed opposite the rear surface side of the
liquid crystal panel, a plurality of light emitting diodes placed
with nonuniform placement density on the opposed section, a
diffuser plate upon which light emitted from the plurality of
light emitting diodes 1s input and that has a diffusing action on
the mput light and outputs diffused light toward the liquid
crystal panel side, and a current supplying section that sup-
plies to the plurality of light emitting diodes a current that
causes the plurality of light emitting diodes to emait light that
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4

i1lluminates the liquid crystal panel; and by having the current
supplying section supply a lower current to a light emitting
diode placed in an area having a higher ambient temperature
within the area of the opposed section, wherein light emitting
diodes to which a lower current 1s supplied are placed with
higher density adjacent to another light emitting diode, and
light emitted from the light emitting diodes 1s more widely
distributed the lower the placement density of a position.

A backlight apparatus that 1s used 1n a liquid crystal display
apparatus having a liquid crystal panel as a display screen,
achieves the above objects by comprising a substrate having
an opposed section placed opposite the rear surface side of the
liquid crystal panel, a plurality of light emitting diodes placed
with nonuniform placement density on the opposed section, a
diffuser plate upon which light emitted from the plurality of
light emitting diodes 1s input and that has a diffusing action on
the mput light and outputs diffused light toward the liquid
crystal panel side, and a current supplying section that sup-
plies to the plurality of light emitting diodes a current that
causes the plurality of light emitting diodes to emit light that
illuminates the liquid crystal panel; and by having the current
supplying section supply a lower current to a light emitting
diode placed higher up in the vertical direction of the display
screen, wherein light emitting diodes to which a lower current
1s supplied are placed with higher density adjacent to another
light emitting diode, and light emitted from the light emitting
diodes 1s more widely distributed the lower the placement
density of a position.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the mvention
will appear more fully hereinafter from a consideration of the
following description taken 1n conjunction with the accom-
panying drawings wherein examples are 1llustrated by way of
example, 1n which:

FIG. 11s a side view of the principal parts of a liquid crystal
display apparatus according to Embodiment 1 of the present
imnvention;

FIG. 2 1s a drawing showing an LED array of an LED
backlight according to Embodiment 1 of the present inven-
tion;

FIG. 3A 1s a circuit diagram showing the configuration of
an LED drive section according to Embodiment 1 of the
present invention;

FIG. 3B 1s a wavelorm diagram showing drive signals
according to Embodiment 1 of the present invention;

FIG. 4 1s a drawing showing a brightness correction
method according to Embodiment 1 of the present invention;

FIG. 5A 1s a drawing showing the relationship between
ambient temperature and relative brightness for an initial-
state LED backlight according to Embodiment 1 of the
present invention;

FIG. 5B 1s a drawing showing the relationship between
ambient temperature and relative brightness for an LED back-
light after a predetermined elapse of time according to
Embodiment 1 of the present invention;

FIG. 6 1s a side view of the principal parts of a liquid crystal
display apparatus according to Embodiment 2 of the present
imnvention;

FIG. 7 1s a drawing showing an LED array of an LED
backlight according to Embodiment 2 of the present inven-
tion;

FIG. 8A 1s a circuit diagram showing the configuration of
an LED drive section according to Embodiment 2 of the
present invention;
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FIG. 8B 1s a wavelorm diagram showing drive signals
according to Embodiment 2 of the present invention;

FIG. 9 1s a drawing showing a brightness correction
method according to Embodiment 2 of the present invention;

FIG. 10A 1s a schematic front view of an LED backlight
according to Embodiment 3 of the present invention;

FIG. 10B 1s a schematic side view of an LED backlight
according to Embodiment 3 of the present invention;

FIG. 11A 1s a schematic front view of an LED backlight
according to Embodiment 4 of the present invention;

FIG. 11B 1s a schematic side view of an LED backlight
according to Embodiment 4 of the present invention;

FIG. 12A 1s a schematic front view of an LED backlight
according to Embodiment 5 of the present invention;

FIG. 12B 1s a schematic side view of an LED backlight
according to Embodiment 5 of the present invention;

FI1G. 13 1s a drawing showing the configuration of an LED
backlight according to Embodiment 6 of the present mven-
tion;

FIG. 14 1s a drawing showing the configuration of a liquid

crystal display apparatus according to Embodiment 7 of the
present invention;

FIG. 15 1s a side view of the principal parts of a liquid
crystal display apparatus according to Embodiment 8 of the
present invention;

FIG. 16 1s a drawing showing an LED array of an LED
backlight according to Embodiment 8 of the present inven-
tion;

FI1G. 17 A 15 a circuit diagram showing the configuration of

an LED drive section according to Embodiment 8 of the
present invention;

FIG. 17B 1s a wavelorm diagram showing drive signals
according to Embodiment 8 of the present invention;

FIG. 18 1s a drawing showing a brightness correction
method according to Embodiment 8 of the present invention;

FIG. 19A 1s a schematic front view of an LED backlight
according to Embodiment 9 of the present invention;

FIG. 19B 1s a schematic side view of an LED backlight
according to Embodiment 9 of the present invention;

FI1G. 20 15 a drawing comparing the 1lluminance of emitted
light of LEDs having different light distribution characteris-
tics according to Embodiment 9 of the present invention;

FIG. 21 1s a drawing showing the configuration of an LED
backlight according to Embodiment 10 of the present inven-
tion;

FI1G. 22 1s a drawing showing the configuration of a liquid

crystal display apparatus according to Embodiment 11 of the
present invention;

FIG. 23 1s a side view of the principal parts of a liquid
crystal display apparatus according to Embodiment 12 of the
present invention;

FIG. 24 1s a drawing showing an LED array of an LED
backlight according to Embodiment 12 of the present mnven-
tion;

FI1G. 25A 15 a circuit diagram showing the configuration of

an LED drive section according to Embodiment 12 of the
present invention;

FIG. 25B 1s a wavelorm diagram showing drive signals
according to Embodiment 12 of the present invention; and

FIG. 26 1s a drawing showing a brightness correction
method according to Embodiment 12 of the present invention.
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DETAILED DESCRIPTION OF TH
EMBODIMENTS

5, PREFERRED

With reference now to the accompanying drawings,
embodiments of the present mvention will be explained 1n
detail below.

Embodiment 1

FIG. 11s a side view of the principal parts of a liquid crystal
display apparatus according to Embodiment 1 of the present
ivention.

Liquid crystal display apparatus 100 has liquid crystal
panel 110, liqud crystal driver 111, and LED backlight 120 as
main components.

Liquid crystal panel 110 1s a transmissive or semi-trans-
missive liquid crystal panel. Liquid crystal panel 110 trans-
mits light emitted from LED backlight 120, and emaits this
transmitted light from the front surface of the display screen.

Liquid crystal driver 111 1s placed in proximity to the upper
edge of liquid crystal panel 110. In the descriptions of all the
embodiments, “upper” means upper in the vertical direction
of the display screen (hereinafter referred to simply as “ver-
tical direction”) and 1n FIG. 1 corresponds to the top of the
drawing 1n the vertical direction.

Liquid crystal driver 111 controls a drive voltage that
drives liquid crystal panel 110 based on a video signal that 1s
a digital signal indicating video to be displayed on the display
screen of liquid crystal panel 110, and thereby controls the
transmittance of liquid crystal panel 110. As a result of this
control, liquid crystal panel 110 displays video.

Liquid crystal driver 111 may be placed 1n a position other
than the above. For example, liquid crystal driver 111 may be
placed i proximity to the lower edge, left-hand edge, or
right-hand edge of liquid crystal panel 110, or elsewhere. In
the descriptions of all the embodiments, “lower” means lower
in the vertical direction, and “left” and “right” mean leit and
right 1n the horizontal direction of the display screen (here-
inafter referred to simply as “horizontal direction™).

LED backlight 120 has substrate 130 placed on the rear
surface side of liquid crystal panel 110. The surface of sub-
strate 130 1s an opposed section opposite the rear surface of
liquid crystal panel 110, and LEDs 140a, 1405, 140c, 1404,
140¢, and 140/ are arrayed on this surface in approximately
flat form facing the rear surface of liqud crystal panel 110.
That 1s to say, LED backlight 120 1s a subjacent type of
backlight apparatus.

Generally, a subjacent type of backlight apparatus has a
sealed structure that can prevent the infiltration of dust or dirt,
but LED backlight 120 may or may not employ a sealed
structure.

LED backlight 120 illuminates liqud crystal panel 110
with light emitted from LEDs 140a, 14056, 140c¢, 1404, 140e,
and 140f. In the following description, LEDs 140a, 1405,
140c, 140d, 140¢e, and 1401 are referred to simply as “LED(s)
140" when described without any particular differentiation.

LED backlight 120 also has an LED drive section that
drives LEDs 140, described later herein.

Here, LEDs 140 are white LEDs that emit white light when
driven by a drive signal applied from an LED drive section
described later herein. For example, when LEDs 140 are LED
apparatuses having mainly a monochromatic (for example,
blue) LED and a fluorescent material, LEDs 140 are config-
ured so that light emitted from a monochromatic LED when
a drive signal 1s applied is transmitted through the fluorescent
material and becomes white light through the action of the
fluorescent material.
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LEDs 140 may also employ another configuration, such as
a combination of LEDs of three colors—R (red) G (green),
and B (blue).

The width of the angle of divergence of each LED 140 1s set
in accordance with the interval between adjacent LEDs 140
so that LED backlight 120 uniformly illuminates the entire
area of the display screen.

FI1G. 2 1s a drawing showing the placement of LEDs 140 in
LED backlight 120.

LEDs 140 are placed so as to form a plurality of arrays on
surface area 121 of LED backlight 120. The formed plurality
ol arrays are vertical-direction arrays extending in the vertical
direction, and 1n each vertical-direction array, one LED 140aq,
one LED 14054, one LED 140¢, one LED 1404, one LED
140e, and one LED 140f are placed 1n a straight line in the
vertical direction.

In the horizontal direction, there 1s an equal interval (pitch
d, ) between the vertical-direction arrays.

In the vertical direction, LEDs 140 placed in area 1224
located at the top are placed most densely, LEDs 140 placed
in area 122¢ located at the bottom are placed least densely,
and LEDs 140 placed in area 1225 located in the middle are
placed with medium density. To be more specific, pitch d_,
between LED 140a and LED 14056 1s smaller than pitch d,_
between LED 1406 and LED 140c¢, pitch d, . 1s smaller than
pitch d_, between LED 140¢ and LED 1404, pitch d_, 1s
smaller than pitch d ,, between LED 1404 and LED 140e, and
pitchd,, 1s smaller than pitchd_between LED 1404 and LED
140/

FIG. 3A and FIG. 3B are drawings for explaining an LED
drive section in LED backlight 120. FIG. 3A 1s a circuit
diagram showing an example of the configuration of the LED
drive section, and FIG. 3B 1s a wavetform diagram showing an

example of drive signals generated by the LED drive section
and supplied to LEDs 140.

The LED drive section has LED drive circuits 150a, 1505,
150c, 150d, 150e, and 1350f. In the following description,
LED drive circuits 150a, 1505, 150¢,150d, 150e, and 150f are
referred to simply as “LED drive circut(s) 1507 when
described without any particular ditferentiation.

LED dnive circuit 150a supplies drive signal 151a having
preset current value I to one LED 140a as a current supplying
section. LED drive circuit 15056 supplies drive signal 1515
having current value I, to one LED 1405 as a current supply-
ing section. LED drive circuit 150c¢ supplies drive signal 151 ¢
having current value I . to one LED 140c¢ as a current supply-
ing section. LED drive circuit 1504 supplies drive signal 1514
having current value I ,to one LED 1404 as a current supply-
ing section. LED drive circuit 150e supplies drive signal 151e
having current value I, to one LED 140e¢ as a current supply-

ing section. LED drive circuit 1507 supplies drive signal 151f

having current value I .to one LED 140f as a current supplying
section.

Although not shown 1n FIG. 3A, the LED drive section has
the same number of LED drive circuits 150 (as current sup-
plying sections) as LEDs 140. Each LED drive circuit 150
supplies a drive signal to one LED 140. By means of this
configuration, each LED 140a 1s supplied with drive signal
151a having current value I , each LED 1405 1s supplied with
drive signal 1515 having current value I, each LED 140c¢ 1s
supplied with drive signal 151 ¢ having current value I , each
LED 1404 1s supplied with drive signal 1514 having current
value I , each LED 140e 1s supplied with drive signal 151e
having current value 1, and each LED 140/ 1s supplied with
drive signal 151/ having current value 1.

Here, current value 1, 1s smaller than current value I,
current value I, 1s smaller than current value I , current value

10

15

20

25

30

35

40

45

50

55

60

65

8

I . 1s smaller than current value I ,, current value I, 1s smaller
than current value I, and current value I, 1s smaller than
current value 1. Drive signals 1514, 1515, 151¢, 151d, 151e,
and 1511 all have the same duty cycle.

Thatisto say, among LEDs 140, those placed higher up and
located nearer liquid crystal driver 111 are supplied with a
lower current.

The current value of each LED 140 1s set optimally based
on the temperature distribution in surface area 121 of LED
backlight 120. For example, 1n an area ({or example, area
122a) shown as a high-temperature area 1n the temperature
distribution for a reason such as being located comparatively
high up, or being located comparatively near liquid crystal
driver 111, an LED 140 current value 1s set comparatively
low. And 1n an area (122¢) shown as a low-temperature area 1n
the temperature distribution for a reason such as being located
comparatively low down, or being located comparatively far
from liquid crystal driver 111, an LED 140 current value 1s set
comparatively high. These settings are made in such a way
that the junction temperature becomes equal 1n all LEDs 140.

By this means, among LEDs 140, those placed higher up
and located nearer liquid crystal driver 111 emit light at lower
brightness. When this kind of drive control is performed, a
difference in brightness may occur between individual LEDs
140. However, since the junction temperatures of all LEDs
140 are equal, no difference in aging degradation progress
occurs between individual LEDs 140. Therefore, even 1 there
1s a difference 1n brightness between LEDs 140, such a bal-
ance ol brightness 1s maintained unchanged over a long
period.

Also, among LEDs 140, those placed higher up, located
nearer liquid crystal driver 111, and supplied with a lower
current, are placed with higher density adjacent to another
LED 140 forming the same array. For example, the number
and placement positions of LEDs 140 of predetermined areas
(for example, areas 122a, 1225, and 122¢) are set 1n such a
way that luminous flux 1s equal for each of those predeter-
mined areas.

By this means, uniformity of brightness 1s realized over the
entire area of the display screen, and 1s maintained unchanged
over a long period.

Next, the brightness correction method used 1n liquid crys-
tal display apparatus 100 will be described.

It 1s possible to obtain the same kind of effect by making
current values 1 the same, making the duty cycle of drive
signal 151a smaller than that of drive signal 1515, making the
duty cycle of drive signal 1515 smaller than that of drive
signal 151¢, making the duty cycle of drive signal 151c¢
smaller than that of drive signal 1514, making the duty cycle
of drive signal 1514 smaller than that of drive signal 151e, and
making the duty cycle of drive signal 151 e smaller than that of
drive signal 1511

FIG. 4 1s adrawing for explaiming the brightness correction
method used 1n liquid crystal display apparatus 100. Here, a
case 1s described by way of example in which the ambient
temperature of an area located higher up becomes higher
during LED 140 1llumination.

LEDs 140 are placed with higher density the higher their
placement position. Simply by employing this kind of LED
placement, a difference 1n a decrease 1n LED 140 brightness
due to a difference in ambient temperature can be corrected,
and brightness can be made uniform over the entire area of the
display screen. This 1s possible even 1f drive signals with the
same current value are supplied to all LEDs 140.

However, in this embodiment, LED placement 1s decided
in such a way that supposing that drive signals with the same
current value are supplied to all LEDs 140, brightness 1s
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higher 1n an area higher up 1n the display screen. Thus, when
this kind of LED placement 1s employed, LEDs 140 are
supplied with a lower current the higher their placement
position. By this means, brightness 1in the LED 1404 1llumi-
nation area (that 1s, the area of the display screen illuminated 5
by light emitted from all LEDs 140a), brightness in the LED
1405 1llumination area, brightness in the LED 140¢ 1llumi-
nation area, brightness 1n the LED 1404 1llumination area,
brightness in the LED 140¢ illumination area, and brightness
in the LED 140/ 1llumination area, become uniform. 10

The eflect of the brightness correction method shown in
FIG. 4 will now be described in greater detail with reference
to FIG. 5A and FIG. 5B. FIG. 5A shows an example of the
relationship between ambient temperature and relative
brightness for initial-state LED backlight 120, and FIG. 5B 15
shows an example of the relationship between ambient tem-
perature and relative brightness for LED backlight 120 after
use for a predetermined time (for example, 10,000 hours). To
simplity the explanation, only LEDs 140a and 140/ are com-
pared. 20

Warm air from lower areas collects around LEDs 140a
placed 1n an upper area, and the temperature rises. This 1s
because liquid crystal display apparatus 100 1s generally used
in an upright position. Also, the fact that LEDs 140q are
placed near liquid crystal driver 111, which generates heat 25
during operation, causes the ambient temperature of LEDs
140a to rise compared with that of LEDs 140f. Therelore, the
brightness of LEDs 140a themselves 1s lower than that of
LEDs 140f.

Furthermore, LEDs 140a are supplied with a lower current 30
than LEDs 140/ (1in the example shown 1n FI1G. 4, 8.5 mA for
LEDs 140a compared with 11 mA for LEDs 140f). This 1s a
turther cause of the brightness of LEDs 140a themselves
becoming lower than that of LEDs 14071,

However, while LEDs 140q are placed with high density 35
with respect to LEDs 14056 (1n the example shown 1n FIG. 4,
the vertical interval (pitch) between LEDs 140aq and 1405 1s 8
mm), LEDs 140f are placed with low density with respect to
LEDs 140e¢ (in the example shown 1n FIG. 4, the vertical
interval (pitch) between LEDs 140e and 140/ 1s 12 mm). 40

Consequently, 1n the imtial state, characteristics are
obtained whereby brightness 1n the LED 140q illumination
area falls relatively gently (curve C ;) as the ambient tem-
perature ol LEDs 140a rises, and brightness 1in the LED 140/
illumination area falls relatively markedly (curve C, ) as the 45
ambient temperature of LEDs 140/ rises.

In this case, when LED backlight 120 1s turned on, the
ambient temperature of LEDs 140a becomes 50° C., and
relattve brightness i the LED 140q illumination area
becomes B, % (point P _, ). Meanwhile, the ambient tempera- 50
ture of LEDs 140f becomes 40° C., and relative brightness in
the LED 140/ illumination area becomes B, % (point P, ).
Thus, brightness 1s uniform over the entire area of the display
screen.

When the cumulative usage time of LED backlight 120 55
reaches a predetermined time, characteristics are obtained
whereby brightness 1n the LED 140q illumination area falls
relatively gently (curve C ) as the ambient temperature of
LEDs 140a rises, and brightness in the LED 140f1llumination
area falls relatively markedly (curve C,) as the ambient tem- 60
perature of LEDs 140/ rises. Here, comparing curve C_, and
curve C, 1n FIG. SA with curve C,, and curve Cp, in FI1G. 5B,
it can be seen that aging degradation has occurred 1n bright-
ness for both LEDs 140aq and LEDs 140/

In this case, when LED backlight 120 1s turned on, the 65
ambient temperature of LEDs 140a becomes 50° C., and
relative brightness in the LED 140q placement area becomes

10

B, % (pomt P_,). Meanwhile, the ambient temperature of
LEDs 140f becomes 40° C., and relative brightness in the
LED 140fplacement area becomes B, % (poimnt Py,). Thatisto
say, although aging degradation of brightness has occurred 1n
both areas, since the degree of progress 1s the same for both,
uniformity of brightness 1s maintained over the entire area of
the display screen. This 1s because the progress ol aging
degradation of LEDs 140 1s slowed by supplying a relatively
low current to LEDs 140 (in this example, LEDs 140a) whose
aging degradation should be relatively rapid due to the fact
that the ambient temperature 1s relatively high.

As described above, according to this embodiment, a lower
current 1s supplied to LEDs 140 placed 1n an area with a
higher ambient temperature within surface area 121 of sub-
strate 130 of LED backlight 120. By this means, the progress
of aging degradation of all LEDs 140 provided in LED back-
light 120 1s made uniform. Therefore, the balance of bright-
ness over the entire area of the display screen can be main-
tamed over a long period. Also, according to this
embodiment, control to slow aging degradation (that 1s, sup-
ply of arelatively low current) 1s performed for those of LEDs
140 for which aging degradation should be relatively rapid
due to a relatively high ambient temperature. Therefore, the
lite of LED backlight 120 can be prolonged.

Furthermore, according to this embodiment, since array
gaps are uniform in the horizontal direction and LED 140
gaps are nonuniform in the vertical direction, there 1s an
advantage ol being able to achieve commonality of LED drive
control circuitry due to the fact that the number of horizontal
LEDs 1s the same.

In this embodiment, a case has been described by way of
example 1n which the ambient temperature of an area higher
up 1s higher, and a configuration has been described in which
LEDs 140 placed 1n an area higher up are placed with higher
density, and are driven by a lower current. However, other
configurations are also possible.

For example, 11 liquid crystal driver 111 1s placed 1n prox-
imity to the lower edge of liquid crystal panel 110, so that the
ambient temperature of alower area becomes higher than that
of an area above, a configuration can be employed 1n which
LEDs 140 placed in a lower area are placed with higher
density, and are driven by a lower current.

Also, 11 liquad crystal driver 111 1s placed 1n proximity to
the left-hand edge of liquid crystal panel 110, so that the
ambient temperature of an area to the left becomes higher
than that of an area to the right, a configuration can be
employed 1n which LEDs 140 placed 1n an area to the lett are
placed with higher density, and are driven by a lower current.

Also, 1f liquid crystal driver 111 1s placed 1n proximity to
the right-hand edge of liquid crystal panel 110, so that the
ambient temperature of an area to the right becomes higher
than that of an area to the left, a configuration can be
employed in which LEDs 140 placed 1n an area to the right are
placed with higher density, and are driven by a lower current.

Essentially, when the ambient temperature of an area near
liquid crystal driver 111 becomes higher than the ambient
temperature of an area farther away, a configuration can be
employed in which LEDs 140 placed in the former area are
placed with higher density, and are driven by a lower current.

Exactly the same applies to a power supply section—that
1s, power supply circuitry supplying power to liqud crystal
driver 111, LED drive circuits 150, and so forth—and to other
heat-generating members, as to liquid crystal driver 111. Thais
1s because a power supply section and the like also generate
heat. Thus, the placement and drive current values of LEDs
140 can be decided according to the placement positions of a
power supply section and so forth.
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Even 1f there 1s temperature distribution such that the ambi-
ent temperature of an area higher up does not become higher
due to the internal structure of liquid crystal display apparatus
100, the placement and drive current values of LEDs 140 can
still be decided based on that temperature distribution.

In this embodiment, LEDs 140 are white LEDs, but the
same kind of effect as described above can also be realized 11
LEDs 140 are a combination of LEDs of three colors—R
(red), G (green), and B (blue). In this case, a configuration 1s
employed in which more red LEDs, which decrease greatly 1n
brightness due to temperature, are placed in a high-tempera-
ture area than green or blue LEDs. By this means, the color
temperature balance can also be maintained over a long
period.

According to this embodiment, LEDs 140 are placed so as
to form linear arrays, but the LED 140 placement scheme 1s
not limited to this. Various kinds of placement schemes can be
employed, such as placing LEDs 140 so as to form zigzag
arrays, for example.

If 1llumination of LED backlight 120 is interlinked with a
liquad crystal panel 110 screen display scan and a backlight
scan 1s performed to improve liquid crystal moving image
performance, 1t 1s necessary to take account of the fact that the
pitch differs 1n the LED vertical direction, and perform con-
trol of the LED backlight 120 1llumination start time inter-
linked with the scan.

Embodiment 2

FIG. 6 1s a side view of the principal parts of a liquid crystal
display apparatus according to Embodiment 2 of the present
invention. Configuration elements identical to those 1n
Embodiment 1 are assigned the same reference codes as 1n
Embodiment 1, and detailed descriptions thereof are omitted

here.
This embodiment differs from Embodiment 1 1in the LED

placement scheme.

Liquid crystal display apparatus 200 has liquid crystal
panel 110, liquid crystal driver 111, and LED backlight 220 as
main components.

LED backlight 220 has substrate 230 placed on the rear
surface side of liquid crystal panel 110. The surface of sub-

strate 230 1s an opposed section opposite the rear surface of
liquid crystal panel 110, and LEDs 240a, 2405, 240c¢, 2404,
240¢, and 240f are arrayed on this surface 1n approximately
flat form facing the rear surface of liqud crystal panel 110.
That 1s to say, LED backlight 220 1s a subjacent type of
backlight apparatus.

Generally, a subjacent type of backlight apparatus has a
sealed structure that can prevent the infiltration of dust or dirt,
but LED backlight 220 may or may not employ a sealed
structure.

LED backlight 220 1lluminates liquid crystal panel 110
with light emitted from LEDs 240a, 2405, 240¢, 240d, 240e,
and 240f. In the following description, LEDs 240a, 2405,
240c, 240d, 240¢, and 240f are referred to simply as “LED(s)
240” when described without any particular differentiation.

LED backlight 220 also has an LED drive section that
drives LEDs 240, described later herein.

Here, LEDs 240 are white LEDs that emit white light when
driven by a drive signal applied from an LED drive section
described later herein. For example, when LEDs 240 are LED
apparatuses having mainly a monochromatic (for example,
blue) LED and a fluorescent material, LEDs 240 are config-
ured so that light emitted from a monochromatic LED when
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a drive signal 1s applied 1s transmitted through the fluorescent
material and becomes white light through the action of the
fluorescent material.

LEDs 240 may also employ another configuration, such as
a combination of LEDs of three colors—R (red) G (green),

and B (blue).

The width of the angle of divergence of each LED 240 1s set
in accordance with the interval between adjacent LEDs 240
so that LED backlight 220 uniformly illuminates the entire
area of the display screen.

FIG. 7 1s a drawing showing the placement of LEDs 240 1n
LED backlight 220.

LEDs 240 are placed so as to form a plurality of arrays on
surface area 221 of LED backlight 220. The formed plurality
of arrays are horizontal-direction arrays extending in the hori-
zontal direction, with all LEDs 240a placed linearly in the
horizontal direction, all LEDs 24056 placed linearly in the
horizontal direction, all LEDs 240¢ placed linearly in the
horizontal direction, all LEDs 2404 placed linearly in the
horizontal direction, all LEDs 240e placed linearly 1n the
horizontal direction, and all LEDs 240f placed linearly in the
horizontal direction.

In the vertical direction, there 1s an equal interval (pitch d )
between the horizontal-direction arrays.

In the horizontal direction, the placement density of LEDs
240a 1n area 222a located at the top 1s highest, the placement
density of LEDs 2405 1n area 2225 therebelow 1s next highest,
the placement density of LEDs 240c¢ 1n area 222¢ therebelow
1s next highest, the placement density of LEDs 2404 1n area
222d therebelow 1s next highest, the placement density of
LEDs 240¢ 1n arca 222¢ therebelow 1s next highest, and the
placement density of LEDs 240/ 1n area 222/ at the bottom 1s
lowest. In other words, pitch d_ between LEDs 240a 1s
smaller than pitch d, between LEDs 24056, pitch d, 1s smaller
than pitch d_. between LEDs 240c¢, pitch d_ 1s smaller than
pitch d ; between LEDs 2404, pitch d ; 1s smaller than pitch d
between LEDs 240e, and pitch d, 1s smaller than pitch d,
between LEDs 240f.

FIG. 8A and FIG. 8B are drawings for explaining an LED
drive section 1n LED backlight 220. FIG. 8A 1s a circuit
diagram showing an example of the configuration of the LED
drive section, and FI1G. 8B 1s a wavetform diagram showing an
example of drive signals generated by the LED drive section
and supplied to LEDs 240.

In the LED drive section shown in FIG. 8 A and FIG. 8B,
LED drive circuit 150a supplies drive signal 151a having
preset current value I to one LED 240q as a current supplying
section; LED drive circuit 15056 supplies drive signal 1515
having current value I, to one LED 2405 as a current supply-
ing section; LED drive circuit 150c¢ supplies drive signal 151 ¢
having current value I . to one LED 240c¢ as a current supply-
ing section; LED drive circuit 1504 supplies drive signal 1514
having current value I, to one LED 2404 as a current supply-
ing section; LED drive circuit 150e supplies drive signal 151e
having current value I, to one LED 240e as a current supply-
ing section; and LED drive circuit 150/ supplies drive signal
151/ having current value 1.to one LED 240f as a current
supplying section.

Although not shown 1n FIG. 8A, the LED drive section has
the same number of LED drive circuits 150 (as current sup-
plying sections) as LEDs 240. Each LED drive circuit 150
supplies a drive signal to one LED 240. By means of this
configuration, each LED 240a 1s supplied with drive signal
151a having current value I , each LED 24056 1s supplied with
drive signal 1515 having current value I,, each LED 240c¢ 1s
supplied with drive signal 151¢ having current value I, each
LED 2404 1s supplied with drive signal 1514 having current
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value I , each LED 240e 1s supplied with drive signal 151e
having current value I , and each LED 240f1s supplied with
drive signal 151/ having current value 1.

Here, current value I, 1s smaller than current value I,,
current value I, 1s smaller than current value I, current value 5
I .1s smaller than current value I ,, current value I, 1s smaller
than current value I, and current value I, 1s smaller than
current value L. Drive signals 151a, 1515, 151¢, 151d, 151e,
and 1511 all have the same duty cycle.

Thatisto say, among LEDs 240, those placed igherupand 10
located nearer liquid crystal driver 111 are supplied with a
lower current.

The current value of each LED 240 1s set optimally based
on the temperature distribution 1n surface area 221 of LED
backlight 220. For example, 1n an area (for example, area 15
222a) shown as a high-temperature area 1n the temperature
distribution for a reason such as being located comparatively
high up, or being located comparatively near liquid crystal
driver 111, an LED 240 current value 1s set comparatively
low. And 1n an area (222f) shown as a low-temperature areain 20
the temperature distribution for a reason such as being located
comparatively low down, or being located comparatively far
from liquid crystal driver 111, an LED 240 current value 1s set
comparatively high. These settings are made 1n such a way
that the junction temperature becomes equal 1n all LEDs 240. 25

By this means, among LEDs 240, those placed higher up
and located nearer liquid crystal driver 111 emit light at lower
brightness. When this kind of drive control 1s performed, a
difference 1n brightness may occur between individual LEDs
240. However, since the junction temperatures of all LEDs 30
240 are equal, no difference 1n aging degradation progress
occurs between individual LEDs 240. Theretore, even if there
1s a difference 1n brightness between LEDs 240, such a bal-
ance ol brightness 1s maintained unchanged over a long
period. 35

Also, among LEDs 240, those placed higher up, located
nearer liquid crystal driver 111, and supplied with a lower
current, are placed with higher density adjacent to another
LED 240 forming the same array. For example, the number
and placement positions of LEDs 240 of predetermined areas 40
(for example, areas 222a, 222b, 222c¢, 222d, 222¢, and 122f)
are set 1n such a way that luminous flux 1s equal for each of
those predetermined areas.

By this means, uniformity of brightness 1s realized over the
entire arca of the display screen, and 1s maintained unchanged 45
over a long period.

It 1s possible to obtain the same kind of effect by making
current values I the same, making the duty cycle of drive
signal 151a smaller than that of drive signal 1515, making the
duty cycle of drive signal 1515 smaller than that of drive 50
signal 151¢, making the duty cycle of drive signal 151c¢
smaller than that of drive signal 1514, making the duty cycle
of drive signal 1514 smaller than that of drive signal 151e, and
making the duty cycle of drive signal 151e smaller than that of
drive signal 1511, 55

Next, the brightness correction method used in liquid crys-
tal display apparatus 200 will be described.

FI1G. 9 1s a drawing for explaining the brightness correction
method used 1n liquid crystal display apparatus 200. Here, a
case 1s described by way of example 1n which the ambient 60
temperature of an area located higher up becomes higher
during LED 240 illumination.

LEDs 240 are placed with higher density the higher their
placement position. Simply by employing this kind of LED
placement, a difference 1n a decrease 1n LED 240 brightness 65
due to a difference in ambient temperature can be corrected,
and brightness can be made uniform over the entire area of the
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display screen. This 1s possible even 1T drive signals with the
same current value are supplied to all LEDs 240.

However, in this embodiment, LED placement 1s decided
in such a way that supposing that drive signals with the same
current value are supplied to all LEDs 240, brightness 1s
higher in an area higher up 1n the display screen. Thus, when
this kind of LED placement 1s employed, LEDs 240 are
supplied with a lower current the higher their placement
position. By this means, brightness 1n the LED 240q 11lumi-
nation area (that 1s, the area of the display screen illuminated
by light emitted from all LEDs 240a), brightness in the LED
2405 1llumination area, brightness 1in the LED 240¢ 1llumi-
nation area, brightness in the LED 2404 illumination area,
brightness 1n the LED 240e¢ 1llumination area, and brightness
in the LED 240f1llumination area, become uniform.

As described above, according to this embodiment, a lower
current 1s supplied to LEDs 240 placed in an area with a
higher ambient temperature within surface area 221 of sub-
strate 230 of LED backlight 220. By this means, the progress
of aging degradation of all LEDs 240 provided in LED back-
light 220 1s made uniform. Therefore, the balance of bright-
ness over the entire area of the display screen can be main-
tamed over a long period. Also, according to this
embodiment, control to slow aging degradation (that 1s, sup-
ply of arelatively low current) 1s performed for those of LEDs
240 for which aging degradation should be relatively rapid
due to a relatively high ambient temperature. Therefore, the
lite of LED backlight 220 can be prolonged.

Furthermore, according to this embodiment, since array
gaps are uniform in the vertical direction and LED 240 gaps
are nonuniform in the horizontal direction, 1t 1s possible to
achieve an improvement in liquid crystal moving image per-
formance by means of a backlight scan with the same kind of
timing as heretofore.

In this embodiment, a case has been described by way of
example in which the ambient temperature of an area higher
up 1s higher, and a configuration has been described in which
LEDs 240 placed 1n an area higher up are placed with higher
density, and are driven by a lower current. However, other
configurations are also possible.

For example, if liquid crystal driver 111 1s placed in prox-
imity to the lower edge of liquid crystal panel 110, so that the
ambient temperature of a lower area becomes higher than that
of an area above, a configuration can be employed 1n which
LEDs 240 placed 1n a lower area are placed with higher
density, and are driven by a lower current.

Also, 11 liquid crystal driver 111 1s placed 1n proximity to
the left-hand edge of liquid crystal panel 110, so that the
ambient temperature of an area to the left becomes higher
than that of an area to the right, a configuration can be
employed 1n which LEDs 240 placed in an area to the lett are
placed with higher density, and are driven by a lower current.

Also, 11 Iiquid crystal driver 111 1s placed 1n proximity to
the right-hand edge of liquid crystal panel 110, so that the
ambient temperature of an area to the right becomes higher
than that of an area to the left, a configuration can be
employed in which LEDs 240 placed 1n an area to the right are
placed with higher density, and are driven by a lower current.

Essentially, when the ambient temperature of an area near
liquad crystal driver 111 becomes higher than the ambient
temperature of an area farther away, a configuration can be
employed 1n which LEDs 240 placed 1n the former area are
placed with higher density, and are driven by a lower current.

Exactly the same applies to a power supply section—that
1s, power supply circuitry supplying power to liqud crystal
driver 111, LED drive circuits 150, and so forth—and to other
heat-generating members, as to liquid crystal driver 111. This
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1s because a power supply section and the like also generate
heat. Thus, the placement and drive current values of LEDs

240 can be decided according to the placement positions of a
power supply section and so forth.

Even 11 there 1s temperature distribution such that the ambi-
ent temperature of an area higher up does not become higher
due to the internal structure of liquid crystal display apparatus
200, the placement and drive current values of LEDs 240 can
still be decided based on that temperature distribution.

In this embodiment, LEDs 240 are white LEDs, but the
same kind of effect as described above can also be realized 11
LEDs 240 are a combination of LEDs of three colors—R
(red), G (green), and B (blue). In this case, a configuration 1s
employed in which more red LEDs, which decrease greatly 1in
brightness due to temperature, are placed in a high-tempera-
ture area than green or blue LEDs. By this means, the color
temperature balance can also be maintained over a long
period.

According to this embodiment, LEDs 240 are placed so as
to form linear arrays, but the LED 240 placement scheme 1s
not limited to this. Various kinds of placement schemes can be
employed, such as placing LEDs 240 so as to form zigzag
arrays, for example.

Embodiment 3

FIG. 10A and FIG. 10B are drawings showing the configu-
ration of an LED backlight (backlight apparatus) according to
Embodiment 3 of the present invention. FIG. 10A 1s a sche-
matic front view of the LED backlight, and FIG. 10B 1s a
schematic side view of the LED backlight. This embodiment
relates, for example, to an LED backlight that 1s used as a
liquid crystal display backlight and 1s configured so that
brightness at the top of the screen 1s made particularly high
when the liquid crystal display 1s set up so that the screen 1s
vertical. A vertical direction 1 FIG. 10A and FIG. 10B cor-
responds to a vertical direction when the liquid crystal display
apparatus 1n which the LED backlight 1s used is set up—that
15, the vertical direction of the screen.

In FIG. 10A and FIG. 10B, LED backlight 300 has a
plurality of LEDs 310, substrate 320 on which plurality of
LEDs 310 are placed, and diffuser plate 330 placed on the
light emitting side of LEDs 310, as main components. A
plurality of LEDs 310 are white LEDs, for example. Substrate
320 1s a flat printed circuit board using a material having
insulating properties, such as glass epoxy resin. Diffuser plate
330 1s a flat acrylic sheet, having iputting surface 331 upon
which light emitted from plurality of LEDs 310 is input, and
outputting surface 332 placed opposite inputting surface 331.
Diffuser plate 330 diffuses light input upon inputting surface
331 by means of surface diffusion, internal diffusion, or a
combination thereof, and outputs light from outputting sur-
face 332.

LEDs 310 are placed with progressively higher density
toward the top of diffuser plate 330 1n the drawings. Specifi-
cally, LEDs 310 are installed on substrate 320 with a place-
ment density inversely proportional to their distance from the
top of diffuser plate 330.

Substrate 320 1s placed at an inclined angle with respect to
diffuser plate 330 so that the distance from diffuser plate 330
increases 1n the downward direction 1n the drawings. By this
means, the distance from LEDs 310 to inputting surface 331
of diffuser plate 330 (hereinafter referred to as the “light
source distance”) increases progressively in the downward
direction 1n the drawings.

Here, 1t 1s assumed that the light source distance 1s set so
that a value obtained by multiplying the placement density by
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the square of the light source distance i1s constant. This 1s
based on the fact that, if the shortest light source distance at
which brightness nonuniformity attains a permissible level
with LEDs 310 arranged 1n a square array with a pitch of d 1s
designated T, pitch d and shortest light source distance T have
a proportional relationship. If the ratio between pitch d and
shortest light source distance T 1s designated o, LED back-

light 300 satisfies Equation (1) below.

T/d=a (1)

In this case, placement density D=1/d 2. Therefore, if the
relationship between density D and shortest light source dis-
tance T 1s expressed as o 2=k, Equation (2) below is satisfied.

DxT2=k (2)

With LED backlight 300 of this embodiment, as the place-

ment density changes 1n the downward direction, inclined
placement 1s implemented, and the light source distance
changes so as to become a light source distance for which
nonunmiformity of brightness 1s at a permissible level in each
area range. I the light source distance and placement density
of LEDs 310 located at the top are designated Th and Dh
respectively, and the light source distance and placement
density of LEDs 310 located at the bottom are designated T1
and DI respectively, LED backlight 300 satisfies Equation (3)
below.

f=Dhx Th™2=DiIxTI"2 (3)

An example of numeric values that satisfy Equation (3) 1s
shown below. Placement densities Dh and DI are based on
square areas with 50 mm sides on substrate 320, and distances
Th and 'T1 are distances from the centers of the square areas to
inputting surface 331 of diffuser plate 330.

k=0.64

Dh=0.0064 [units/mm" 2]

D1=0.0016 [units/mm 2]

Th=10 [mm]
TI=20 [mm]

By configuring LED backlight 300 so as to satisiy above
Equation (3), nonuniformity of brightness of outputting sur-
face 332 1s reduced as compared with a configuration 1n
which the light source distance 1s constant, and as compared
with a configuration 1n which the light source distance
becomes progressively shorter 1n the downward direction in
the drawings.

As described above, according to this embodiment, the
lower the placement densr[y ol a position, the greater 1s the
distance from LEDs 310 to diffuser plate 330, and the wider
1s the diffusion of light that 1s emitted from a 11 ght source and
1s mnput upon diffuser plate 330. By this means, an 1rradiated
area 1n 1mputting surface 331 of diffuser plate 330 increases,
enabling nonuniformity of brightness in outputting surface
332 of diffuser plate 330 to be reduced.

Also, since the placement density of LEDs 310 1s inversely
proportional to the distance from the top of diffuser plate 330,
the above-described reduction in nonuniformity of brightness
can be realized by simple settings—namely, settings of the
light source distance of LEDs 310 located at the top and the
light source distance of LEDs 310 located at the bottom.

Furthermore, since nonuniformity of brightness can be
reduced when the placement density of LEDs 310 1s high at
the top of diffuser plate 330, nonuniformaity of brightness can
be reduced when high brightness 1s secured at the top of
diffuser plate 330. That 1s to say, LED backlight 300 can be
provided that achieves both a reduction 1n nonuniformity of
brightness of outputting surface 332 and an improvement in
the brightness of the upper part of outputting surface 332.
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Moreover, since the external shape of LED backlight 300
can be made a wedge shape that 1s thin at the top, a liquid
crystal display apparatus using LED backlight 300 1s advan-
tageous 1n terms of design characteristics and set-up stability.

In this embodiment, the high/low placement density varia-
tion trend of LEDs 310 1s not limited to what has been
described above. For example, 1n a case in which high bright-
ness 1s secured at the bottom of diffuser plate 330, nonuni-
formity of brightness can be similarly reduced by inclining
substrate 320 so that the light source distance increases the
lower the placement density of a position.

Embodiment 4

As Embodiment 4 of the present invention, a case will be
described 1n which LED placement density 1s inversely pro-
portional to the distance from a vertically central part of a
diffuser plate.

FIG. 11A and FIG. 11B are drawings showing the configu-
ration of an LED backlight according to Embodiment 4 of the
present invention, and correspond to FIG. 10A and FIG. 10B
of Embodiment 3. Components identical to those in FIG. 10A
and FIG. 10B are assigned the same reference codes as 1n
FIG. 10A and FIG. 10B, and descriptions thereof are omitted
here. FIG. 11A 1s a schematic front view of the LED back-
light, and FIG. 11B 1s a schematic side view of the LED
backlight.

As shown in FIG. 11A and FIG. 11B, LEDs 310 are placed
in LED backlight 400 with progressively higher density the
nearer they are to the vertically central part of diffuser plate
330 in the drawings. Specifically, LEDs 310 are installed on
substrate 420 described later herein with a placement density
inversely proportional to their distance from the vertical-
direction center of diffuser plate 330.

Substrate 420 1s of cylindrical shape having a convex sur-
face on the diffuser plate 330 side, so that the distance from
diffuser plate 330 increases progressively the farther away
from the vertically central part in the drawings. As a result of
this shape of substrate 420, the area of the irradiation range of
individual LEDs 310 increases the greater the distance from
the vertically central part of diffuser plate 330—that 1s, the
lower the LED 310 placement density of a position.

Here, as 1n Embodiment 3, 1t 1s assumed that the light
source distance 1s set so that a value obtained by multiplying
the light source distance by the square of the placement den-
sity 1s constant. That 1s to say, 1f the light source distance and
placement density of LEDs 310 located 1n the vertically cen-
tral part of diffuser plate 330 are designated Tc and Dc respec-
tively, and the light source distance and placement density of
LEDs 310 located at the top and LEDs 310 located at the
bottom are designated Te and De respectively, LED backlight
400 satisiies Equation (4) below.

k=DcxTc™2=DexTe2 (4)

Equation (4) 1s

An example of numeric values that satisty
shown below.

k=0.64

Dc=0.0064 [units/mm 2]

De=0.0025 [units/mm 2]

1¢=10 [mm|

Te=16 [mm)]

Thus, according to this embodiment, since the light source
distance varies according to the placement density, LED
backlight 400 can be provided that achieves both an improve-
ment 1 brightness and a reduction in nonuniformity of
brightness of the vertically central part of outputting surface

332.
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In this embodiment, the high/low placement density varia-
tion trend of LEDs 310 i1s not limited to what has been
described above. For example, in a case in which high bright-
ness 1s secured 1n the horizontal central part of diffuser plate
330, nonuniformity of brightness can be similarly reduced by
setting the shape of the substrate so that the light source
distance 1ncreases the lower the placement density of a posi-
tion.

Embodiment 5

As Embodiment 5 of the present invention, a case will be
described in which LED placement density 1s proportional to
the distance from a vertically central part of a diffuser plate.

FIG. 12A and FI1G. 12B are drawings showing the configu-
ration of an LED backlight according to Embodiment 5 of the
present invention, and correspond to FIG. 10A and FIG. 10B
of Embodiment 3 and to FIG. 11A and FIG. 11B of Embodi-
ment 4. Components 1dentical to those i FIG. 10A, FIG.
10B, FIG.11A, and FIG. 11B are assigned the same reference
codes as 1n FIG. 10A, FIG. 10B, FIG. 11A, and FIG. 11B, and
descriptions thereof are omitted here. FIG. 12A 1s a schematic
tront view of the LED backlight, and FIG. 12B is a schematic
side view of the LED backlight.

As shown in FIG. 12A and FIG. 12B, LEDs 310 are placed
in LED backlight 500 with progresswely higher den31ty the
farther they are from the vertically central part of diffuser
plate 330 in the drawings. Specifically, LEDs 310 are
installed on substrate 520 described later herein with a place-
ment density proportional to their distance from the vertical-
direction center of diffuser plate 330.

Substrate 520 1s of cylindrical shape having a concave
surface on the diffuser plate 330 side, so that the distance from
diffuser plate 330 increases progressively the nearer the ver-
tically central part 1n the drawings. As a result of this shape of
substrate 520, the area of the 1rradiation range of individual
LEDs 310 increases the shorter the distance from the verti-
cally central part of diffuser plate 330—that 1s, the lower the
LED 310 placement density of a position.

Here, it 1s assumed that the light source distance is set so
that a value obtained by multiplying the light source distance
by the square of the placement density 1s constant. That 1s to
say, 1I the light source distance and placement densﬂy of
LEDs 310 located in the vertically central part of diffuser
plate 330 are designated Tc¢ and Dc respectively, and the light
source distance and placement density of LEDs 310 located at
the top and LEDs 310 located at the bottom are designated Te

and De respectively, LED backlight 500 satisfies Equation (5)
below.

k=DcxIc™2=Dex1e2 (5)

Equation (5) 1s

An example of numeric values that satisty
shown below.
k=0.64
Dc=0.0025 |
De 0.0064

Tc=16 |mm]
Te=10 |mm)]

Thus, according to this embodiment, nonuniformity of
brlghtness can be reduced when LED 310 placement densﬂy
1s high 1n a peripheral part in the vertical direction of diffuser
plate 330, and therefore nonuniformity of brightness can be
reduced when high brightness 1s secured 1n a peripheral part
in the vertical direction of diffuser plate 330. That 1s to say,
LED backlight 500 can be provided that achieves both a

reduction 1n nonuniformity of brightness of outputting sur-

units/mm 2]
units/mm 2]
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face 332 and an improvement in the brightness of a peripheral
part in the vertical direction of outputting surface 332.

In this embodiment, the high/low placement density varia-
tion trend of LEDs 310 1s not limited to what has been
described above. For example, 1n a case 1n which high bright-
ness 1s secured 1n a peripheral part in the horizontal direction
of diffuser plate 330, nonuniformity of brightness can be
similarly reduced by setting the shape of the substrate so that

the light source distance increases the lower the placement
density of a position.

Embodiment 6
As Embodiment 6 of the present invention, an LED back-
light will be described that provides for control of the amount
of luminescence of LEDs.

FIG. 13 1s a schematic configuration diagram drawing
showing the configuration of an LED backlight according to
Embodiment 6 of the present invention.

In FI1G. 13, LED backlight 600 has a plurality of LEDs 310
placed with uniform placement density in the horizontal
direction and with nonuniform placement density 1n the ver-
tical direction. That 1s to say, the LED 310 placement density
distribution 1s of the same kind as in Embodiment 3. Also,
LED backlight 600 has LED drive section 640 that controls
the amount of luminescence of plurality of LEDs 310.

Taking a plurality of LEDs 310 aligned 1n the horizontal
direction as one block, LED drive section 640 controls the
amount of luminescence of each LED 310 on a block-by-
block basis according to an mnput control signal.

By means of this kind of configuration, control of the
amount of luminescence of LEDs 310 can be performed 1n a
manner appropriate to the LED 310 placement density distri-
bution, and a desired brightness distribution can be obtained
eificiently.

Embodiment 7
As Embodiment 7 of the present invention, a liquid crystal
display apparatus will be described that uses an LED back-
light according to Embodiment 6.

FIG. 14 1s a schematic configuration diagram showing the

configuration of a liqud crystal display apparatus according
to Embodiment 7 of the present invention.
In FIG. 14, liguid crystal display apparatus 700 has LED
backlight 600 according to Embodiment 6 and liquid crystal
unit 750. Components identical to those i FIG. 13 are
assigned the same reference codes as 1n FI1G. 13, and descrip-
tions thereof are omitted here.

Liquid crystal unit 750 1s illuminated by LED backlight
600, and controls the arrival on the observer’s side of light
emitted from LED backlight 600. Liquid crystal unit 750 has
liquad crystal panel 751 and liquid crystal driver 752.

Liquid crystal panel 751 1s a transmissive or semi-trans-
missive liquid crystal panel. Liquid crystal panel 751 trans-
mits light emitted from LED backlight 600, and emits this
transmitted light from the front surface of the display screen.

Liquid crystal driver 752 controls a drive voltage that
drives liquid crystal panel 751 based on a video signal that 1s
a digital signal indicating video to be displayed on the display
screen ol liquid crystal panel 751, and thereby controls the
transmittance of liquid crystal panel 751. As a result of this
control, liquid crystal panel 751 displays video.

LED backlight 600 controls the amount of luminescence of
LEDs 310 on a block-by-block basis as described in Embodi-
ment 6. On the other hand, light transmittance cannot be made
zero for liquid crystal panel 751. Therefore, by minimizing
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the amount of luminescence of LEDs 310 on a block-by-
block basis, black brightness—the brightness of a black dis-
play part of the screen—can be reduced, and an improvement
in screen contrast can be achieved.

Thus, according to this embodiment, video having a
desired brightness distribution without nonuniformity of
brightness can be displayed with a high degree of contrast,
and power consumption can be reduced. Also, when LED
backlight 600 having a wedge shape that 1s thin at the top 1s
employed as described above, the external shape of liquid
crystal display apparatus 700 can also be made the same kind
of wedge shape, which 1s advantageous 1n terms of design
characteristics and set-up stability.

In the above-described embodiments, cases have been
described 1n which a light source 1s an LED, but the present
invention 1s not limited to this. For example, the present
invention can also be applied to cases 1n which light sources
are of various kinds, such as a semiconductor laser, gas laser,
solid-state laser, fiber laser, lamp, and so forth, and various
kinds of line light sources of a cathode ray tube or the like are
placed with nonuniform distribution.

Embodiment 8
As Embodiment 8 of the present invention, a liquid crystal
display apparatus that 1s distinctive 1n regard to liquid crystal
driver placement and operation of the LED drive section will
be described.

FIG. 15 1s a side view of the principal parts of a liquid
crystal display apparatus according to Embodiment 8 of the
present invention, and corresponds to FIG. 10B of Embodi-
ment 3 and FIG. 14 of Embodiment 7. Components 1dentical
to those 1 FIG. 10B and FIG. 14 are assigned the same
reference codes as in FIG. 10B and FIG. 14, and descriptions
thereol are omitted here.

Liquid crystal display apparatus 800 has liquid crystal
panel 751, liquid crystal driver 752, and LED backlight 600 as
main components.

In this embodiment, liquid crystal driver 752 1s placed 1n
proximity to the upper edge of liquid crystal panel 751.

Liquid crystal driver 752 may also be placed 1n a location
other than the above. For example, liquid crystal driver 752
may be placed 1n proximity to the lower edge, left-hand edge,
or right-hand edge of liquid crystal panel 751, or may be
placed elsewhere.

In LED backlight 600, substrate 320 1s placed at an inclined
angle to diffuser plate 330 placed on the rear surface side of
liquid crystal panel 751, 1n the same way as in Embodiment 3.
The surface of substrate 320 1s an opposed section opposite
the rear surface of liquid crystal panel 751, and LEDs 310a,
3106, 310¢, 3104, 310e, and 310/ are arrayed on this surface
in approximately flat form facing the rear surface of diffuser
plate 330. Diffuser plate 330 has a diffusing action on the
input light, and outputs light from the outputting surface
toward the rear surface of liquid crystal panel 751. That 1s to
say, LED backlight 600 1s a subjacent type of backlight appa-
ratus.

Generally, a subjacent type of backlight apparatus has a
sealed structure that can prevent the infiltration of dust or dirt,
but LED backlight 600 may or may not employ a sealed
structure.

LED backlight 600 illuminates liqud crystal panel 751
with light emitted from LEDs 310a, 31056, 310c¢, 3104, 310e,
and 310/. In the following description, LEDs 310a, 3105,
310c¢, 3104, 310e, and 310/ are referred to simply as “LED(s)

310” when described without any particular differentiation.
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LED backlight 600 also has an LED drive section that
drives LEDs 310, described later herein.

Here, LEDs 310 are white LEDs that emit white light when
driven by a drive signal applied from an LED drive section
described later herein. For example, when LEDs 310 are LED
apparatuses having mainly a monochromatic (for example,
blue) LED and a fluorescent material, LEDs 310 are config-
ured so that light emitted from a monochromatic LED when
a drive signal 1s applied 1s transmitted through the fluorescent
material and becomes white light through the action of the
fluorescent material.

LEDs 310 may also employ another configuration, such as
a combination of LEDs of three colors—R (red) G (green),
and B (blue).

FIG. 16 1s a drawing showing the placement of LEDs 310
in LED backlight 600.

LEDs 310 placed 1n area 6014 located at the top are placed
most densely, LEDs 310 placed in area 601c¢ located at the
bottom are placed least densely, and LEDs 310 placed in area
6015b located 1n the middle are placed with medium density.
To be more specific, in the vertical direction, pitch d_,
between LED 310a and LED 31056 1s smaller than pitch d,
between LED 31056 and LED 310c¢, pitch d,, . 1s smaller than
pitch d_, between LED 310c and LED 3104, pitch d_, 1s
smaller than pitch d ,, between LED 3104 and LED 310¢, and
pitch d;, 1s smaller than pitch d_ between LED 3104 and LED
310f. Also, 1n the horizontal direction, the pitch of LEDs 310a
1s smaller than the pitch of LEDs 31054, the pitch of LEDs
3106 1s smaller than the pitch of LEDs 310c¢, the pitch of
LEDs 310c¢ 1s smaller than the pitch of LEDs 3104, the pitch
of LEDs 310d 1s smaller than the pitch of LEDs 310e, and the
pitch of LEDs 310e 1s smaller than the pitch of LEDs 310/

Substrate 320 1s placed at an inclined angle with respect to
diffuser plate 330 so that the distance from diffuser plate 330
increases in the downward direction 1n the drawing. By this
means, the distance from LEDs 310 to the inputting surface of
diffuser plate 330 (the light source distance) increases pro-
gressively 1n the downward direction 1n the drawing.

FIG. 17A and FIG. 17B are drawings for explaining an
LED drnive sectionin LED backlight 600. FIG. 17 A 1s a circuit
diagram showing an example of the configuration of the LED
drive section, and FIG. 17B 1s a wavelform diagram showing
an example of drive signals generated by the LED drive

section and supplied to LEDs 310.
LED drive section 840 has LED drive circuits 841a, 8415,

841c, 841d, 841e, and 841f. In the following description,
LED drive circuits 841a, 8415, 841¢,841d, 841¢e, and 8411 are
referred to simply as “LED drive circuit(s) 8417 when
described without any particular differentiation.

LED drive circuit 841a supplies drive signal 851a having
preset current value I to one LED 310q as a current supplying,
section. LED drive circuit 8415 supplies drive signal 8515
having current value I, to one LED 31056 as a current supply-
ing section. LED drive circuit 841c¢ supplies drive signal 851 ¢
having current value I . to one LED 310c¢ as a current supply-
ing section. LED drive circuit 8414 supplies drive signal 851d
having current value I ,to one LED 3104 as a current supply-
ing section. LED drive circuit 841e supplies drive signal 851¢
having current value I, to one LED 310e as a current supply-
ing section. LED drive circuit 841/ supplies drive signal 851/
having current value I .to one LED 310f as a current supplying
section.

Although not shown 1n FIG. 17A, LED drive section 840
has the same number of LED drive circuits 841 (as current
supplying sections) as LEDs 310. Each LED drive circuit 841
supplies a drive signal to one LED 310. By means of this
configuration, each LED 310a 1s supplied with drive signal
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851a having current value I , each LED 3105 1s supplied with
drive signal 8515 having current value I,, each LED 310c¢ 1s
supplied with drive signal 851¢ having current value I, each
LED 3104 1s supplied with drive signal 8514 having current
value I, each LED 310e 1s supplied with drive signal 851¢
having current value I, and each LED 310/ 1s supplied with
drive signal 851/ having current value L.

Here, current value 1, 1s smaller than current value I,
current value I, 1s smaller than current value I , current value
I . 1s smaller than current value I ,, current value I, 1s smaller
than current value I, and current value I, 1s smaller than
current value 1. Drive signals 851a, 8515, 851¢, 8514, 851e,
and 8511 all have the same duty cycle.

That s to say, among LEDs 310, those placed higher up and
located nearer liquid crystal driver 752 are supplied with a
lower current.

The current value of each LED 310 1s set optimally based
on the temperature distribution in surface area 601 of LED
backlight 600. For example, 1n an areca ({or example, area
601a) shown as a high-temperature area 1n the temperature
distribution for a reason such as being located comparatively
high up, or being located comparatively near liquid crystal
driver 752, an LED 310 current value 1s set comparatively
low. And 1n an area (601¢) shown as a low-temperature area 1n
the temperature distribution for a reason such as being located
comparatively low down, or being located comparatively far
from liquid crystal driver 752, an LED 310 current value 1s set
comparatively high. These settings are made 1n such a way
that the junction temperature becomes equal 1n all LEDs 310.

By this means, among LEDs 310, those placed higher up
and located nearer liquid crystal driver 752 emit light at lower
brightness. When this kind of drive control i1s performed, a
difference in brightness may occur between individual LEDs
310. However, since the junction temperatures of all LEDs
310 are equal, no difference 1n aging degradation progress
occurs between individual LEDs 310. Therefore, even if there
1s a difference 1n brightness between LEDs 310, such a bal-
ance of brightness 1s maintained unchanged over a long
period.

Also, among LEDs 310, those placed higher up, located
nearer liquid crystal driver 752, and supplied with a lower
current, are placed with higher density adjacent to another
LED 310.

Also, with LED backlight 600, the lower the placement
density of a position, the greater 1s the distance from LEDs
310 to diffuser plate 330, and the wider 1s the diffusion of light
that 1s emitted from a light source and is mnput upon difluser
plate 330. By this means, an irradiated area 1n the mnputting
surface of diffuser plate 330 increases, enabling nonunifor-
mity of brightness 1n the outputting surface of diffuser plate
330 to be reduced.

By this means, uniformity of brightness 1s realized over the
entire area of the display screen, and 1s maintained unchanged
over a long period.

It 1s possible to obtain the same kind of effect by making,
current values I the same, making the duty cycle of drive
signal 851a smaller than that of drive signal 8515, making the
duty cycle of drive signal 8515 smaller than that of drive
signal 851¢, making the duty cycle of drive signal 851c¢
smaller than that of drive signal 851d, making the duty cycle
of drive signal 8514 smaller than that of drive signal 851e, and
making the duty cycle of drive signal 851 e smaller than that of
drive signal 8511

Next, the brightness correction method used 1n liquid crys-
tal display apparatus 800 will be described.

FIG. 18 1s a drawing for explaining the brightness correc-
tion method used 1n liquid crystal display apparatus 800.
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Here, a case 1s described by way of example in which the
ambient temperature of an area located higher up becomes
higher during LED 310 illumination.

LEDs 310 are placed with higher density the higher their
placement position. Simply by employing this kind of LED
placement, a difference 1n a decrease 1n LED 310 brightness
due to a difference in ambient temperature can be corrected,
and brightness can be made uniform over the entire area of the
display screen. This 1s possible even if drive signals with the
same current value are supplied to all LEDs 310.

However, 1n this embodiment, LED placement 1s decided
in such a way that supposing that drive signals with the same
current value are supplied to all LEDs 310, brightness 1s
higher 1n an area higher up 1n the display screen. Thus, when
this kind of LED placement 1s employed, LEDs 310 are
supplied with a lower current the higher their placement
position. By this means, brightness 1n the LED 310qa 1llumi-
nation area (that 1s, the area of the display screen illuminated
by light emitted from all LEDs 310a), brightness in the LED
31056 illumination area, brightness 1n the LED 310¢ 1llumi-
nation area, brightness 1n the LED 3104 1llumination area,
brightness in the LED 310e illumination area, and brightness
in the LED 310/ 1llumination area, become uniform.

According to the brightness correction method shown 1n
FI1G. 18, the same kind of effect can be realized as described
in detail with reference to FIG. 5A and FIG. 5B 1n Embodi-
ment 1.

Therelore, according to this embodiment, a lower current 1s
supplied to LEDs 310 placed 1n an area with a higher ambient
temperature within surface area 601 of substrate 320 of LED
backlight 600. By this means, the progress of aging degrada-
tion of all LEDs 310 provided 1in LED backlight 600 1s made
uniform. Therefore, the balance of brightness over the entire
area of the display screen can be maintained over a long
period. Also, according to this embodiment, control to slow
aging degradation (that 1s, supply of a relatively low current)
1s performed for those of LEDs 310 for which aging degra-
dation should be relatively rapid due to a relatively high
ambient temperature. Therefore, the life of LED backlight
600 can be prolonged.

Also, according to this embodiment, the lower the place-
ment density of a position, the greater 1s the distance between
LEDs 310 and diffuser plate 330. By this means, nonunifor-
mity of brightness in the outputting surface of diffuser plate
330 can be reduced even if a configuration 1s employed that
prolongs the life of LED backlight 600 by varying the place-
ment density, as described above.

In this embodiment, a case has been described by way of
example 1n which the ambient temperature of an area higher
up 1s higher, and a configuration has been described in which
LEDs 310 placed 1n an area higher up are placed with higher
density, and are driven by a lower current. However, other
configurations are also possible.

For example, 1f liquid crystal driver 752 1s placed 1n prox-
imity to the lower edge of liquid crystal panel 751, so that the
ambient temperature of a lower area becomes higher than that
ol an area above, a configuration can be employed 1n which
LEDs 310 placed in a lower area are placed with higher
density, and are driven by a lower current. With this configu-
ration, provision should be made for the distance between
LEDs 310 and diffuser plate 330 to be greater the higherup an
area 1s.

Also, 1T liquid crystal driver 752 1s placed in proximity to
the left-hand edge of liquid crystal panel 751, so that the
ambient temperature of an area to the left becomes higher
than that of an area to the right, a configuration can be
employed 1n which LEDs 310 placed in an area to the left are
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placed with higher density, and are driven by a lower current.
With this configuration, provision should be made for the

distance between LEDs 310 and diffuser plate 330 to be
greater the farther to the right an area 1s.

Also, 1f liquid crystal driver 752 1s placed 1n proximity to
the right-hand edge of liquid crystal panel 751, so that the
ambient temperature of an area to the right becomes higher
than that of an area to the left, a configuration can be
employed in which LEDs 310 placed 1n an area to the right are
placed with higher density, and are driven by a lower current.
With this configuration, provision should be made for the
distance between LEDs 310 and diffuser plate 330 to be
greater the farther to the left an area 1s.

Essentially, when the ambient temperature of an area near
liquid crystal driver 752 becomes higher than the ambient
temperature of an area farther away, a configuration can be
employed 1n which LEDs 310 placed 1n the former area are
placed with higher density, and are driven by a lower current.

Exactly the same applies to a power supply section—that
1s, power supply circuitry supplying power to liqud crystal
driver 752, LED drive circuits 841, and so forth—and to other
heat-generating members, as to liquid crystal driver 752. This
1s because a power supply section and the like also generate
heat. Thus, the placement, drive current values, and light
source distances of LEDs 310 can be decided according to the
placement positions of a power supply section and so forth.

Even if there 1s temperature distribution such that the ambi-
ent temperature of an area higher up does not become higher
due to the internal structure of liquid crystal display apparatus
800, the placement, drive current values, and light source
distances of LEDs 310 can still be decided based on that
temperature distribution.

In this embodiment, LEDs 310 are white LEDs, but the
same kind of effect as described above can also be realized 11
LEDs 310 are a combination of LEDs of three colors—R
(red), G (green), and B (blue). In this case, a configuration 1s
employed 1n which more red LEDs, which decrease greatly 1n
brightness due to temperature, are placed in a high-tempera-
ture area than green or blue LEDs. By this means, the color
temperature balance can also be maintained over a long
period.

If 1llumination of LED backlight 600 1s interlinked with a
liquid crystal panel 751 screen display scan and a backlight
scan 1s performed to improve liquid crystal moving image
performance, 1t 1s necessary to take account of the fact that the
pitch differs 1in the LED vertical direction, and perform con-
trol of the LED backlight 600 1llumination start time inter-
linked with the scan.

Embodiment 9

FIG. 19A and FI1G. 19B are drawings showing the configu-

ration of an LED backlight (backlight apparatus) according to
Embodiment 9 of the present invention. FIG. 19A 1s a sche-
matic front view of the LED backlight, and FIG. 19B 1s a
schematic side view of the LED backlight. This embodiment
relates, for example, to an LED backlight that 1s used as a
backlight 1n a liquid crystal display and 1s configured so that
brightness at the top of the screen 1s made particularly high
when the liqud crystal display 1s set up so that screen 1s
vertical. A vertical direction 1n FIG. 19A and FIG. 19B cor-
responds to a vertical direction when the liquid crystal display
apparatus 1n which the LED backlight 1s used is set up—that
15, the vertical direction of the screen.
In FIG. 19A and FIG. 19B, LED backlight 900 has a

plurality of types of LEDs 910-1 through 910-6, substrate 920
on which LEDs 910-1 through 910-6 are placed, and diffuser
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plate 930 placed on the light emitting side of LEDs 910-1
through 910-6, as main components. LEDs 910-1 through
910-6 arc white LEDs, for example. Substrate 920 1s a flat
printed circuit board using a material having insulating prop-
erties, such as glass epoxy resin. Diffuser plate 930 1s a flat
acrylic sheet, having inputting surface 931 upon which light
emitted from plurality of LEDs 910 1s input, and outputtmg
surface 932 placed opposite mputting surface 931. Difluser
plate 930 diffuses light input upon inputting surface 931 by
means of surface diffusion, internal diffusion, or a combina-
tion thereotf, and outputs light from outputting surface 932.

Substrate 920 1s placed parallel to diffuser plate 930. LEDs
910-1 through 910-6 have lenses for controlling the light
distribution characteristics of emitted light. LEDs 910-1
through 910-6 are placed 1n that order starting from the top of
the drawing, and are placed with progressively greater density
in the upward direction. Also, LEDs 910-1 through 910-6 are
placed in such a way that light distribution gradually becomes
wider 1n that order. That 1s to say, the lower the placement
density of LEDs 910, the wider 1s their light distribution.
Here, “having a wide light distribution” means that the spread
distribution of emitted light 1s wide. Light distribution char-
acteristics are set arbitrarily by adjustment of the shape or
refractive power of the LED 910 lenses, for example.

An example of numeric values when the placement density
of LEDs 910-1 located at the top 1s designated Dh, the place-
ment density of LEDs 910-6 located at the bottom 1s desig-
nated DI, and the distance from LEDs 910 to inputting surface
931 of diffuser plate 930 (the light source distance) 1s desig-
nated T, 1s shown below.

Dh=0.0064 [units/mm 2] (average pitch with square place-
ment: 12.5 mm)

DI1=0.0016 [units/mm 2] (average pitch with square place-
ment: 20 mm)

T=10 [mm]

With the above example of numeric values, the average
pitch of LEDs 910-6 located at the bottom 1s 1.6 times wider
than the average pitch of LEDs 910-1 located at the top.

FI1G. 20 1s a drawing comparing the 1lluminance of emitted
light of LEDs 910-1 with the illuminance of emitted light of
LEDs 910-6. In FIG. 20, the horizontal axis indicates a coor-
dinate [mm] on 1nputting surface 931 of diffuser plate 930,
and the vertical axis indicates a relative value corresponding
to 1lluminance 1n the optical axis of the respective LEDs 910.

As shown 1n FIG. 20, when spread distribution 911 of
emitted light of LEDs 910-1 1s compared with spread distri-
bution 912 of emitted light of LEDs 910-6, spread distribution
912 of emitted light of LEDs 910-6 1s 1.6 times wider than
spread distribution 911 of emitted light of LEDs 910-1.

Thus, 1n this embodiment, the ratio between the average
pitches of LEDs 910-1 and LEDs 910-6, and the ratio
between the average spread distributions of LEDs 910-1 and
LEDs 910-6, are both 1.6, and have nearly matching configu-
rations. That 1s to say, the spread distribution of light 1s 1n
accordance with the placement density of LEDs 910. There-
fore, nonuniformity of brightness 1n inputting surface 931 of
diffuser plate 930 can be reduced.

Also, since there 1s no particular intluence on the external
shape of the LED backlight 900 apparatus, a liquid crystal
display apparatus using LED backlight 900 1s advantageous
in terms of design characteristics and production costs.

In this embodiment, a configuration has been described in
which the ratio between the average pitches of LEDs 910-1
and LEDs 910-6, and the ratio between the average spread
distributions of LEDs 910-1 and LEDs 910-6, are both 1.6,
but this embodiment 1s not limited to this. Essentially, 1t 1s
suificient for a configuration to provide approximate coinci-
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dence between the average pitch ratio of LEDs 910 and the
average spread distribution ratio of LEDs 910.

In this embodiment, the high/low placement density varia-
tion trend of LEDs 910 1s not limited to what has been
described above. For example, 1n a case in which placement
density becomes progressively higher in the downward direc-
tion of diffuser plate 930, nonuniformity of brightness can be
similarly reduced by selecting types of LEDs 910 so that light
distribution becomes wider the lower the placement density
of a position.

Embodiment 10
As Embodiment 10 of the present invention, an LED back-
light will be described that provides for control of the amount
of luminescence of LEDs.

FIG. 21 1s a schematic configuration diagram drawing
showing the configuration of an LED backlight according to
Embodiment 10 of the present invention.

In FIG. 21, LED backlight 1000 has a plurality of LEDs
910 placed with uniform placement density in the horizontal
direction and with nonuniform placement density 1n the ver-
tical direction. That 1s to say, the LED 910 placement density
distribution 1s of the same kind as in Embodiment 9. Also,
LED backlight 1000 has LED drive section 1040 that controls
the amount of luminescence of plurality of LEDs 910.

Taking a plurality of LEDs 910 aligned in the horizontal
direction as one block, LED drive section 1040 controls the
amount of luminescence of each LED 910 on a block-by-
block basis according to an imnput control signal.

By means of this kind of configuration, control of the
amount of luminescence of LEDs 910 can be performed 1n a
manner appropriate to the LED 910 placement density distri-
bution, and a desired brightness distribution can be obtained
eificiently.

Embodiment 11

As Embodiment 11 of the present invention, a liquid crystal
display apparatus will be described that uses an LED back-
light according to Embodiment 10.

FIG. 22 1s a schematic configuration diagram showing the

configuration of a liqud crystal display apparatus according
to Embodiment 11 of the present invention.
In FIG. 22, liquid crystal display apparatus 1100 has LED
backlight 1000 according to Embodiment 10 and liquid crys-
tal unit 1150. Components identical to those in FIG. 21 are
assigned the same reference codes as 1n FIG. 21, and descrip-
tions thereof are omitted here.

Liquid crystal unit 1150 1s 1lluminated by LED backlight
1000, and controls the arrival on the observer’s side of light
emltted from LED backlight 1000. Liquid crystal unit 1150
has liquid crystal panel 1151 and liquid crystal driver 1152.

Liquid crystal panel 1151 1s a transmissive or semi-trans-
missive liquid crystal panel. Liquid crystal panel 1151 trans-
mits light emitted from LED backlight 1000, and emits this
transmitted light from the front surface of the display screen.

Liquid crystal driver 1152 controls a drive voltage that
drives liquid crystal panel 1151 based on a video signal that 1s
a digital signal indicating video to be displayed on the display
screen of liquid crystal panel 1151, and thereby controls the
transmittance of liquid crystal panel 1151. As a result of this
control, liquid crystal panel 1151 displays video.

LED backlight 1000 controls the amount of luminescence
of LEDs 910 on a block-by-block basis as described 1n
Embodiment 10. On the other hand, light transmittance can-
not be made zero for liquid crystal panel 1151. Therefore, by
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mimmizing the amount of luminescence of LEDs 910 on a
block-by-block basis, black brightness—the brightness of a

black display part of the screen——can be reduced, and an
improvement in screen contrast can be achieved.

Thus, according to this embodiment, video having a
desired brightness distribution without nonuniformity of
brightness can be displayed with a high degree of contrast,
and power consumption can be reduced.

In the above-described embodiments, cases have been
described 1n which a light source 1s an LED, but the present
invention 1s not limited to this. For example, the present
invention can also be applied to cases 1n which light sources
are of various kinds, such as a semiconductor laser, gas laser,
solid-state laser, fiber laser, lamp, and so forth, and various
kinds of line light sources of a cathode ray tube or the like are
placed with nonuniform distribution.

Embodiment 12

As Embodiment 12 of the present invention, a liquid crystal
display apparatus that 1s distinctive 1n regard to liquid crystal
driver placement and operation of the LED drive section will
be described.

FIG. 23 1s a side view of the principal parts of a liquid
crystal display apparatus according to Embodiment 12 of the
present mnvention, and corresponds to FIG. 19B of Embodi-
ment 9 and FIG. 22 of Embodiment 11. Components identical
to those 1n FIG. 19B and FIG. 22 are assigned the same
reference codes as 1n FIG. 19B and FIG. 22, and descriptions
thereof are omitted here.

Liquid crystal display apparatus 1200 has liquid crystal
panel 1151, liqud crystal driver 1152, and LED backlight
1000 as main components.

In this embodiment, liqud crystal driver 1152 1s placed in
proximity to the upper edge of liquid crystal panel 1151.

Liquid crystal driver 1152 may also be placed 1n a location
other than the above. For example, liquid crystal driver 1152
may be placed in proximity to the lower edge, left-hand edge,
or right-hand edge of liquid crystal panel 1151, or may be
placed elsewhere.

In LED backlight 1000, substrate 920 1s placed opposite
diffuser plate 930 placed on the rear surface side of liqud
crystal panel 1151, 1n the same way as 1n Embodiment 9. The
surface of substrate 920 1s an opposed section opposite the
rear surface of liquid crystal panel 1151, and LEDs 910a,
9106, 910¢, 910d, 910e, and 910/ are arrayed on this surface
in approximately flat form facing the rear surface of diffuser
plate 930. Diffuser plate 930 has a diffusing action on the
iput light, and outputs light from the outputting surface
toward the rear surface of liquid crystal panel 1151. That 1s to
say, LED backlight 1000 1s a subjacent type of LED back-
light.

Generally, a subjacent type of LED backlight has a sealed
structure that can prevent the infiltration of dust or dirt, but
LED backlight 1000 may or may not employ a sealed struc-
ture.

LED backlight 1000 i1lluminates liquid crystal panel 1151
with light emitted from LEDs 910a, 9105, 910¢, 9104, 910e,
and 910f. In the following description, LEDs 910a, 9105,
910c¢, 9104, 910¢, and 9107 are referred to simply as “LED(s)
910” when described without any particular differentiation.

LED backlight 1000 also has an LED drive section that
drives LEDs 910, described later herein.

Here, LEDs 910 are white LEDs that emit white light when
driven by a drive signal applied from an LED drive section
described later herein. For example, when LEDs 910 are LED
apparatuses having mainly a monochromatic (for example,
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blue) LED and a tfluorescent material, LEDs 910 are config-
ured so that light emitted from a monochromatic LED when
a drive signal 1s applied is transmitted through the fluorescent
material and becomes white light through the action of the
fluorescent material.

LEDs 910 may also employ another configuration, such as

a combination of LEDs of three colors—R (red) G (green),
and B (blue).

FIG. 24 1s a drawing showing the placement of LEDs 910
in LED backlight 1000.

LEDs 910 placed in area 1001a located at the top are placed
most densely, LEDs 910 placed i area 1001c¢ located at the
bottom are placed least densely, and LEDs 910 placed in area
10015 located in the middle are placed with medium density.

To be more specific, in the vertical direction, pitch d _,
between LED 910a and LED 91056 1s smaller than pitch d,,_.
between LED 91056 and LED 910c, pitch d, . 1s smaller than
pitch d_, between LED 910¢ and LED 9104, pitch d_, 1s
smaller than pitch d ,, between LED 9104 and LED 910e, and
pitch d ;, 1s smaller than pitch d_ between LED 910d and LED
9107. Also, 1inthe horizontal direction, the pitch of LEDs 910q
1s smaller than the pitch of LEDs 91056, the pitch of LEDs
91056 1s smaller than the pitch of LEDs 910c¢, the pitch of
LEDs 910c¢ 1s smaller than the pitch of LEDs 9104, the pitch
of LEDs 910d 1s smaller than the pitch of LEDs 910e, and the
pitch of LEDs 910¢ 1s smaller than the pitch of LEDs 910/
LEDs 910 have a configuration such that emitted light 1s

diffused progressively more widely in the downward direc-
tion in the drawing.

FIG. 25A and FIG. 25B are drawings for explaiming an
LED dnive section in LED backlight 1000. FIG. 25A 1s a
circuit diagram showing an example of the configuration of
the LED drive section, and FIG. 25B 1s a wavelorm diagram
showing an example of drive signals generated by the LED
drive section and supplied to LEDs 910.

LED drive section 1240 has LED drive circuits 12414,
12415, 1241c, 1241d, 1241e, and 1241/ In the following
description, LED drive circuits 1241a, 12415, 1241¢, 12414,
1241e, and 1241/ are referred to simply as “LED drive circuit
(s) 1241 when described without any particular differentia-
tion.

LED drive circuit 1241a supplies drive signal 1251a hav-
ing preset current value 1, to one LED 910a as a current
supplying section. LED drive circuit 12415 supplies drive
signal 125156 having current value I, to one LED 91056 as a
current supplying section. LED drive circuit 1241¢ supplies
drive signal 1251 ¢ having current value I _to one LED 910¢ as
a current supplying section. LED drive circuit 12414 supplies
drive signal 12514 having current valuel ,to one LED 9104 as
a current supplying section. LED drive circuit 1241e supplies
drive signal 1251e having current value I to one LED 910¢ as
a current supplying section. LED drive circuit 1241/ supplies
drive signal 1251/ having current value I .to one LED 910f as
a current supplying section.

Although not shown 1n FIG. 25A, LED drive section 1240
has the same number of LED drive circuits 1241 (as current
supplying sections) as LEDs 910. Each LED drive circuit
1241 supplies a drive signal to one LED 910. By means of this
configuration, each LED 910a 1s supplied with drive signal
1251a having current value I , each LED 9105 1s supplied
with drive signal 125156 having current value I,, each LED
910c¢ 15 supplied with drive signal 1251 ¢ having current value
I_, each LED 9104 1s supplied with drive signal 12514 having
current value I ,, each LED 910e 1s supplied with drive signal
1251¢ having current value I , and each LED 910/1s supplied
with drive signal 1251/ having current value 1.
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Here, current value I, 1s smaller than current value I,,
current value I, 1s smaller than current value I , current value
I .1s smaller than current value I ,, current value I, 1s smaller

than current value 1,, and current value I, 1s smaller than
current value 1. Drive signals 1251a, 12515, 1251c¢, 12314,

1251e, and 1251/ all have the same duty cycle.

Thatisto say, among LEDs 910, those placed higher up and
located nearer liquid crystal driver 1152 are supplied with a
lower current.

The current value of each LED 910 1s set optimally based
on the temperature distribution 1n surface area 1001 of LED
backlight 1000. For example, in an area (for example, area
1001a) shown as a high-temperature area 1n the temperature
distribution for a reason such as being located comparatively
high up, or being located comparatively near liquid crystal
driver 1152, an LED 910 current value 1s set comparatively
low. And 1n an area (1001¢) shown as a low-temperature area
in the temperature distribution for a reason such as being
located comparatively low down, or being located compara-
tively far from liquid crystal driver 1152, an LED 910 current
value 1s set comparatively high. These settings are made in
such a way that the junction temperature becomes equal 1n all
LEDs 910.

By this means, among LEDs 910, those placed higher up
and located nearer liquid crystal driver 1152 emit light at
lower brightness. When this kind of drive control 1s per-
formed, a difference 1n brightness may occur between ndi-
vidual LEDs 910. However, since the junction temperatures
of all LEDs 910 are equal, no difference 1n aging degradation
progress occurs between individual LEDs 910. Therefore,
even 1 there 1s a difference 1n brightness between LEDs 910,
such a balance of brightness 1s maintained unchanged over a
long period.

Also, among LEDs 910, those placed higher up, located
nearer liquid crystal driver 1152, and supplied with a lower
current, are placed with higher density adjacent to another
LED 910.

Also, with LED backlight 1000, the lower the placement
density of a position, the wider 1s the diffusion of light that 1s
emitted from LEDs 910. By this means, an irradiated area 1n
the inputting surface of diffuser plate 930 increases, enabling,
nonuniformity of brightness in the outputting surface of dii-
tuser plate 930 to be reduced.

By this means, uniformity of brightness 1s realized over the
entire arca of the display screen, and 1s maintained unchanged
over a long period.

It 1s possible to obtain the same kind of effect by making
current values I the same, making the duty cycle of drive
signal 1251q smaller than that of drive signal 12515, making
the duty cycle of drive signal 12515 smaller than that of drive
signal 1251¢, making the duty cycle of drive signal 1251c¢
smaller than that of drive signal 12514, making the duty cycle
of drive signal 12514 smaller than that of drive signal 1251e,
and making the duty cycle of drive signal 1251e smaller than
that of drive signal 1251/.

Next, the brightness correction method used in liquid crys-
tal display apparatus 1200 will be described.

FIG. 26 1s a drawing for explaining the brightness correc-
tion method used 1n liquid crystal display apparatus 1200.
Here, a case 1s described by way of example 1n which the
ambient temperature of an area located higher up becomes
higher during LED 910 illumination.

LEDs 910 are placed with higher density the higher their
placement position. Simply by employing this kind of LED
placement, a difference 1n a decrease 1n LED 910 brightness
due to a difference in ambient temperature can be corrected,
and brightness can be made uniform over the entire area of the
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display screen. This 1s possible even 1T drive signals with the
same current value are supplied to all LEDs 910.

However, in this embodiment, LED placement 1s decided
in such a way that supposing that drive signals with the same
current value are supplied to all LEDs 910, brightness 1s
higher in an area higher up 1n the display screen. Thus, when
this kind of LED placement 1s employed, LEDs 910 are
supplied with a lower current the higher their placement
position. By this means, brightness in the LED 910qa 11lumi-
nation area (that 1s, the area of the display screen illuminated
by light emitted from all LEDs 910a), brightness in the LED
9105 1llumination area, brightness 1n the LED 910¢ 1llumi-
nation area, brightness in the LED 9104 illumination area,
brightness 1n the LED 910e 1llumination area, and brightness
in the LED 910/ 1llumination area, become uniform.

According to the brightness correction method shown 1n
FIG. 26, the same kind of effect can be realized as described
with reference to FIG. SA and FIG. 5B in Embodiment 1.

Therefore, according to this embodiment, a lower current s
supplied to LEDs 910 placed 1n an area with a higher ambient
temperature within surface area 1001 of substrate 920 of LED
backlight 1000. By this means, the progress of aging degra-
dation of all LEDs 910 provided in LED backlight 1000 1s
made uniform. Therefore, the balance of brightness over the
entire area ol the display screen can be maintained over a long
period. Also, according to this embodiment, control to slow
aging degradation (that 1s, supply of a relatively low current)
1s performed for those of LEDs 910 for which aging degra-
dation should be relatively rapid due to a relatively high
ambient temperature. Therefore, the life of LED backlight
1000 can be prolonged.

Also, according to this embodiment, the lower the place-
ment density ol a position, the wider 1s the diffusion of light
that 1s emitted from LEDs 910. By this means, nonuniformity
of brightness in the outputting surface of diffuser plate 930
can be reduced even 1 a configuration 1s employed that
achieves longer life by varying the placement density, as
described above.

In this embodiment, a case has been described by way of
example 1n which the ambient temperature of an area higher
up 1s higher, and a configuration has been described 1n which
LEDs 910 placed 1n an area higher up are placed with higher
density, and are driven by a lower current. However, other
configurations are also possible.

For example, 1f liquid crystal driver 1152 1s placed 1n
proximity to the lower edge of liquid crystal panel 1151, so
that the ambient temperature of a lower area becomes hi gher
than that of an area above, a configuration can be employed in
which LEDs 910 placed in a lower area are placed with higher
density, and are driven by a lower current. With this configu-
ration, provision should be made for light emitted from LEDs
910 to be diffused more widely the higher up an area 1s.

Also, 1f liquad crystal driver 1152 1s placed 1n proximity to
the left-hand edge of liquid crystal panel 1151, so that the
ambient temperature of an area to the left becomes higher
than that of an area to the right, a configuration can be
employed in which LEDs 910 placed 1n an area to the lett are
placed with higher density, and are driven by a lower current.
With this configuration, provision should be made for light
emitted from LEDs 910 to be diffused more widely the farther
to the right an area 1s.

Also, 1f liquid crystal driver 1152 1s placed 1n proximity to
the right-hand edge of liquid crystal panel 1151, so that the
ambient temperature of an area to the right becomes higher
than that of an area to the left, a configuration can be
employed in which LEDs 910 placed 1n an area to the right are
placed with higher density, and are driven by a lower current.
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With this configuration, provision should be made for light
emitted from LEDs 910 to be diffused more widely the farther
to the left an area 1s.

Essentially, when the ambient temperature of an area near
liquid crystal driver 1152 becomes higher than the ambient
temperature of an area farther away, a configuration can be
employed 1n which LEDs 910 placed 1n the former area are
placed with higher density, and are driven by a lower current.

Exactly the same applies to a power supply section—that
1s, power supply circuitry supplying power to liqud crystal
driver 1152, LED drive circuits 1241, and so forth—and to
other heat-generating members, as to liquid crystal driver
1152. This 1s because a power supply section and the like also
generate heat. Thus, the placement, drive current values, and
light source distances of LEDs 910 can be decided according
to the placement positions of a power supply section and so
forth.

Even 11 there 1s temperature distribution such that the ambi-
ent temperature of an area higher up does not become higher
due to the internal structure of liquid crystal display apparatus
1200, the placement, drive current values, and light source
distances of LEDs 910 can still be decided based on that
temperature distribution.

In this embodiment, LEDs 910 are white LEDs, but the
same kind of effect as described above can also be realized 11
LEDs 910 are a combination of LEDs of three colors—R
(red), G (green), and B (blue). In this case, a configuration 1s
employed 1n which more red LEDs, which decrease greatly 1in
brightness due to temperature, are placed 1n a high-tempera-
ture area than green or blue LEDs. By this means, the color
temperature balance can also be maintained over a long
period.

If 1llumination of LED backlight 1000 1s interlinked with a
liquad crystal panel 1151 screen display scan and a backlight
scan 1s performed to improve liquid crystal moving image
performance, 1t 1s necessary to take account of the fact that the
pitch differs 1n the LED vertical direction, and perform con-
trol of the LED backlight 1000 1llumination start time inter-
linked with the scan.

This concludes a description of embodiments of the
present invention.
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The above descriptions are illustrations of preferred
embodiments of the present invention, and the scope of the
present mvention 1s not limited to these. That 1s to say, the
configurations and operations during use of the above-de-
scribed apparatuses are simply examples, and 1t 1s clearly
possible to make various modifications and additions to these
examples without departing from the scope of the present
invention.

What 1s claimed 1s:

1. A backlight apparatus that 1s used 1 a liquid crystal
display apparatus having a liquid crystal panel as a display
screen, the backlight apparatus comprising:

a substrate having an opposed section placed opposite a

rear surface side of the liquid crystal panel;

a plurality of light emitting diodes placed with nonuniform
placement density on the opposed section;

a diffuser plate upon which light emitted from the plurality
of light emitting diodes 1s input and that has a diffusing,
action on the mput light and outputs diffused light
toward the liquid crystal panel side; and

a current supplying section that supplies to the plurality of
light emitting diodes a current that causes the plurality of
light emitting diodes to emit light that illuminates the
liquad crystal panel, wherein:
the current supplying section supplies a lower current to a

light emitting diode placed 1n an area having a higher

ambient temperature within an area of the opposed sec-
tion;

a light emitting diode to which a lower current 1s supplied
1s placed with higher density adjacent to another light
emitting diode; and

a distance between the opposed section and the diffuser
plate 1s greater the lower the placement density of a
position.

2. A liqud crystal display apparatus comprising:

the backlight apparatus according to claim 1; and

a liquid crystal panel that controls arrival on an observer’s
side of light emitted from the diffuser plate.
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